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A STORAGE SYSTEM HAVING A PLURALITY OF CONTROLLERS 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates generally to a storage 
system for use with a computer system, and relates more 
particularly to a storage system having multiple types of 
input/output interfaces . 

2. Description of Related Art 

There are two general types of interfaces ("I/F" below) 
used in computer systems to connect storage devices to the 
computer. The first type is the block I/O interface, which 
uses the data management unit of the storage device, the data 
block, as the unit for input /output ("I/O" below) access. The 
block I/O interface includes a fibre channel, SCSI (small 
computer systems interface), or other interface. The second 
type is the file I/O interface, which uses file units for I/O 
access. The file I/O interface is used with the network file 
system (NFS), common Internet file system (CIFS), and other 
file systems that use data from storage devices managed by 
a file server connected via a network. 

Techniques for interconnecting a plurality of storage 
devices via a network can also be grouped in two categories 
based on the differences in the interfaces described above. 



The first is a Storage Area Network (SAN), a network for 
connecting to storage devices by connecting computers and 
storage devices using a fibre channel* The second is a 
Network-Attached Storage ( NAS ) , a method' for accessing 
storage devices with the file I/O interface by connecting the 
storage devices to a local area network (LAN) such as commonly 
used for communication between computers . 

The SAN uses a high speed network that is dedicated to 
storage and is separate from the network used for sending 
messages between computers. Compared with NAS systems having 
the storage devices connected via a LAN, SAN systems enable 
faster data transfers . Protocol overhead is also small and 
fast response can be achieved with SAN systems because the 
block I/O interface is used. The disadvantage to SAN systems 
is that setup costs are high because a dedicated network is 
required. SAN is therefore used primarily in the backbone 
system of corporate computer networks, frequently for 
database applications . 

With NAS the storage system is connected directly to the 
LAN. Setup costs are low and setup is relatively easy because 
an existing LAN can be used. A standardized NFS, CIFS, or other 
network file system is also used for the interface, and data 
is managed in file units. Data management is therefore easy, 
and files can be easily shared between plural computers. The 
disadvantage to NAS is that because the storage system is 



accessed via the same LAN used for communication between 
computers, LAN traffic (load) is increased. The processing 
overhead of a network file system is also high, and response 
is slower than with block I/O. For these reasons NAS is used 
primarily for corporate file management systems, Web content 
management, CAD data file management, and other such 
applications. 

As will be known from the above, NAS and SAN are mutually 
complementary and are used for different purposes. NAS and 
SAN are therefore generally used for appropriate 
applications . 

Technology for combining SAN and NAS is also known from 
the prior art as described below. 

A computer is connected to a storage system through a 
file server connected to a LAN, or the computer and file server 
are connected directly to the storage system via a SAN, The 
file server is connected to the storage system through a fibre 
channel or other interface. The storage system used in this 
case is typically a disk array system having a plurality of 
disk drive units and a disk controller located between the 
plural disk drive units and the computers for controlling data 
access to the disk drive units. 

To access data stored on the storage system, a computer 
connected only to the file server accesses files in the 
storage system via the file server using the NFS, CIFS, or 
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other protocol. Computers connected to both the file server 
and SAN must send a request to the file server in order to 
access the storage system, but data is transferred from the 
storage system to the computer directly over the SAN. 

It will be noted that with this prior art method a NAS 
system is created by the file server and the storage system 
connected to the file server by a fibre channel. In other 
words, this prior art technology creates a NAS system above 
the SAN. 
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y. SUMMARY OF THE INVENTION 

3 

hi The prior art technology described above enables SAN and 

Q 

UJ NAS systems to be used together. However, because the NAS 

O 

O system is attached on the storage system as an upper level 

s a 

system for the storage system, the processing overhead of the 
storage system is added to the processing overhead of the NAS 
file server. Overhead is thus greater than when a NAS system 
is used alone. 

Furthermore, while the file server determines the 
logical storing location of a particular file, the storage 
system determines the physical storing location of the file 
in the storage system. The file server therefore cannot 
control data allocation so as to optimize the physical data 
allocation of files in the storage system, and system 
performance is thus limited. 
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Yet further, even if only a NAS system is used, the above 
prior art technology requires a computer for the file server 
in addition to the storage system, thus increasing the initial 
cost. System expansion is also limited by the configuration 
of the storage system used- 
It is therefore an object of this invention to provide 
a storage system enabling a NAS system and SAN to coexist while 
also increasing the freedom of system configuration design. 

To achieve this object, a storage system according to 
the present invention has a plurality of disk drive units; 
a disk controller for receiving access requests from a 
computer by way of a block I/O interface and controlling 
access to the disk drive units; a file server for receiving 
access requests from a computer by way of a file I/O interface 
and controlling access to the disk drive units; and a 
connection unit connected between the disk controller, file 
server, and plural disk drive units for connecting the disk 
controller and file server to the plural disk drive units. 

In a preferred embodiment of the invention the disk 
controller stores information for accessing the disk drive 
unit allocated to the disk controller, and the file server 
stores information for accessing the disk drive unit 
allocated to the file server, the disk drive units being 
allocated from among the plurality of disk drive units. 

A storage system according to a further aspect of the 



invention has a disk controller having a fibre channel 
controller for connecting a computer via a fibre channel; a 
file server having a network controller for connecting a 
computer via a LAN; and a plurality of disk drive units used 
by the disk controller and file server for storing data used 
by the computer. This storage system preferably includes a 
management unit for managing allocation of the plural disk 

m 

Q drive units to the disk controller and file server. For each 

Q 

O disk drive unit, the management unit stores information 

f • 

describing the correlation between the disk drive unit and 

W 

the disk controller or file server to which the disk drive 
n unit is allocated. The management unit reports this 
information to the disk controller and file server. Each disk 
controller and file server knows from this information disk 
drive units the disk controller or file server can use, and 
uses the disk drive units accordingly. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a simplified block diagram showing the 
configuration of a computer system in a first embodiment of 
the invention; 

Fig. 2 is a schematic illustration showing the structure 
of a storage device; 

Fig. 3 is a simplified block diagram showing the 
configuration of a disk array controller; 
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Fig. 4 is a simplified block diagram showing the 
configuration of a file server; 

Fig- 5 is a simplified block diagram showing the 
configuration of a disk pool and disk pool connection unit; 

Fig. 6 is a simplified block diagram showing the 
configuration of a disk pool management unit; 

Fig. 7 is a flow chart of the disk pool configuration 
recognition process achieved by the disk pool management 
program; 

Fig, 8 is a table schematically showing the 
configuration of a disk pool management table; 

Fig. 9 is a flow chart of the controller recognition 
process achieved by the controller recognition and 
certification program; 

Fig. 10 is a table schematically showing the 
configuration of a controller management table; 

Fig. 11 is a flow chart of a disk recognition process; 

Fig. 12 is a schematic illustration of an exemplary 
allocation of disk drive units in the disk pool to the 
controllers; 

Fig. 13 shows the logical organization by controller of 
the disk drive unit allocation shown in Fig. 12; and 

Fig. 14 schematically shows an exemplary deployment of 
system resources when the disk pool is logically divided for 
deployment . 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 1 is a simplified block diagram showing the 
configuration of a computer system in a preferred embodiment 
of the invention. 

In this preferred embodiment of the invention the 
storage system 1 (also referred to below as simply "storage") 
is connected by way of a fibre channel Storage Area Network 
(SAN) 8 to a plurality of SAN clients 100, and by way of a 
local area network (LAN) to a plurality of NAS clients 110. 
Each SAN client 100 is a computer such as generally called 
a personal computer or server computer, and accesses the 
storage 1 through a block I/O interface. The NAS clients 110 
are likewise a personal computer, server, or other such 
computer, but access the storage 1 through a file I/O 
interface . 

The storage 1 is also connected to a storage management 
console 12 via a management LAN 13 for management. The storage 
management console 12 is used to monitor and configure the 
storage 1 by the user. 

The storage 1 consists of a plurality of disk array 
controllers 20, a plurality of file servers 30, a plurality 
of disk drive units 41, a disk pool management unit 5, and 
a disk pool connection unit 61. The disk pool management unit 
5 manages the storage area of a set of plural disk drive units 
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41 as a single large storage area called a disk pool 4. The 
disk drive units 41 in the disk pool 4 are also referred to 
as Just Bunch Of Disks (JBOD). 

The disk array controllers 20, file servers 30 and disk 
pool management unit 5 are connected and communicate with each 
other via a management network 7 . The disk array controllers 
20 and file servers 30 are also connected through the disk 
pool connection unit 61 to the disk drive units 41 of the disk 
pool 4 . In this preferred embodiment of the invention the disk 
array controllers 20 and disk pool connection unit 61 , and 
the file servers 30 and disk pool connection unit 61, are 
connected through a fibre channel. The disk pool connection 
unit 61, disk pool management unit 5, and disk drive units 
41 of the disk pool 4 are connected through a fibre channel 
disk pool connection network. 

Fig. 2 shows the components of the storage 1. 

The storage 1 has the disk array controllers 20, file 
servers 30, disk pool management unit 5, disk pool connection 
unit 61, and JBOD enclosure 140 components mounted in a rack 
15. The rack 15 typically is 19 inches wide with slots for 
holding the various components. Each slot preferably has a 
height equal to an integer multiple of the unit thickness of 
the components. Each of the JBOD enclosures 140 has plural 
slots for housing plural disk drive units 41 of the disk pool 
4. It will obvious that all of the components do not need to 



be housed in a single rack 15, and the components can be 
distributed to plural racks 15. 

Fig. 3 is a block diagram showing the configuration of 
a disk array controller 20. 

Each disk array controller 20 has a processor 201 
providing overall control of the disk array controller, 
memory 202 for storing control data and the control program 
run by the processor 201, a fibre channel controller 203 for 
connecting the disk array controller 20 to the SAN 8, a fibre 
channel controller 204 for connecting to the disk pool 4, a 
data transfer controller 205 for controlling data transfers 
between fibre channel controllers 203 and 204 , a management 
network controller 206 for connecting to the management 
network 7, and a data buff er 207 used as a data cache and for 
regulating the data transfer rate between the computer and 
disk drive units • 

The memory 202 stores a disk array control program 2020 
as the control program, and a disk information acquiring 
program 2021 for acquiring disk information identifying the 
disk drive unit used by the disk array controller 20 from the 
disk pool management unit 5. The memory 202 also stores a disk 
information management table 2022 holding the acquired disk 
information . 

Fig. 4 is a simplified block diagram of a file server 

30. 
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Each file server 30 has a processor 301 providing 
overall control of the file server 30, memory 302 for storing 
control data and the control program run by the processor 301, 
a communication controller 303 for connecting to the LAN 9, 
a fibre channel controller 304 for connecting to the disk pool 
4 , a data transfer controller 305 for controlling data 
transfers between the communication controller 303 and fibre 
channel controller 304, and a management network controller 

O 

« 306 for connecting to the management network 7. 

O 

£ The memory 302 stores a file server control program 3020 

LI as the control program, and a disk information acquiring 

sr — 

jL program 3021 for acquiring information (referred to below as 

S the usable disk information) identifying the disk drive unit 

o 

5 41 used by the file server 30 from the disk pool management 

unit 5. The memory 302 also stores a disk information 
management table 3022 holding the acquired usable disk 
information. In addition, the memory 302 has a data buffer 
3023 used as a data cache and for adjusting the data transfer 
rate between the computer and disk drive unit 41. 

Fig. 5 is a simplified block diagram showing the 
configuration of the disk pool 4 and disk pool connection unit 
61. 

The disk pool 4 is a plurality of disk drive units 41 
housed in a plurality of JBOD enclosures 140. The number of 
disk drive units 41 is optional and can be increased or 
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decreased as necessary. Furthermore, while four JBOD 
enclosures 140 are shown in Fig. 5, this number can also be 
changed as needed. The disk drive units 41 are connected in 
loops in the JBOD enclosures 140. 

The disk pool connection unit 61 has a plurality of 
connection ports 610 and a plurality of expansion ports 611. 
A desired number of disk array controllers 20. file servers 
30. and JBOD enclosures 140 can be connected to each 
connection port 610. This embodiment of the invention also 
enables another disk pool connection unit to be connected to 
an expansion port 611 as needed such that plural disk pool 
connection units 61 are cascaded. 

The number of ports can thus be increased as desired by 
appropriately cascading plural disk pool connection units 61. 
It is therefore possible to freely change the number of 
connected disk array controllers 20, file servers 30, and JBOD 
enclosures 140 in the configuration. System scalability and 
the freedom of system configuration design are thus 
significantly improved. 

When a fibre channel is used for the connection 
interface between the disk pool 4 and disk pool connection 
unit 61, the disk pool connection unit 61 can be a switch with 
a star network configuration connected to any two connection 
ports, or a hub to which all connection ports are connected 
in a loop. The user can select the hub and switch according 
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to the cost and required data transfer bandwidth. This 
embodiment is described without specifying whether a hub or 
a switch is used for the disk pool connection units 61. 

Fig. 6 is a simplified block diagram showing the 
configuration of a disk pool management unit 5. 

The disk pool management unit 5 has a processor 51 
providing overall control of the management unit, memory 52 
for storing control data used by and the control program run 
by the processor 51, a management network controller 53 for 
connecting to the management network 7 , a fibre channel 
controller 54 for connecting to the disk pool 4 via a fibre 
channel, and a communication controller 55 for connecting to 
the management LAN 13. 

The memory 52 stores a disk pool management program 521 
as the control program for managing the disk pool 4, a 
controller recognition/certification program 523 for 
recognizing and certifying the disk array controllers 20 and 
file servers 30 (together referred to below as the 
controllers), and a storage management program 525 for 
managing the storage 1. The disk pool management program 521 
more specifically detects the disk drive units 41 of the disk 
pool 4 and exclusively controls the disk drive units 41 
assigned to the controller. 

Control data stored in memory 52 includes a disk pool 
management table 522 holding the information for managing 
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allocation of disk drive units 41 to the controllers, and a 
controller management table 524 holding the controller 
management information detected by the controller 
recognition/certification program 523. 

A storage management console 12 connected to the disk 
pool management unit 5 through the management LAN 13 has a 
display for presenting information to the user, and I/O 

l_2_ devices such as a keyboard and mouse for receiving input from 

O 

Q the user. A browser program runs on the storage management 

Q 

Jp console 12. The browser program is used to present information 

M= 

W to the user by the storage management program 525 running on 

5 the disk pool management unit 5, and to input information to 

H ■ 
Q the storage management program 525. 

yj 

y Fig. 7 is a flow chart of the disk pool configuration 

O 

recognition process achieved by the disk pool management 
program 521. The processor 51 starts running the disk pool 
management program 521 when the user turns the storage 1 power 
on or resets the storage 1. 

When the disk pool management program 521 starts, the 
processor 51 waits an appropriate time until all disk drive 
units 41 enter a ready state (step 6000). 

After waiting an appropriate time, the processor 51 
initializes a variable n to 0 where this variable n indicates 
the path ID to search. The path ID is an identifier for 
identifying the JBOD enclosure 140 or loop to which a disk 
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drive unit 41 is connected. The path ID as used herein is a 
number assigned to a loop or JBOD enclosure 140, or a World 
Wide Name (WWN) representing a loop connected to a switch 
(step 6002) . 

The processor 51 then initializes another variable k to 
0 where k indicates an address on the path. Each path address 
is a number assigned to a particular disk drive unit 41 for 
identifying each disk drive unit 41 in each loop or JBOD 
enclosure 140. If the path is a loop, the address is equivalent 
to a loop ID (step 6004). 

The processor 51 then issues an Inquiry command to the 
disk pool 4 to detect a disk drive unit 41 at address = k on 
path ID = n (step 6006). The processor 51 then detects a 
response to the inquiry command from the disk pool 4 . If no 
response is received from the disk pool 4, the processor 51 
determines that there is no disk drive unit 41 at path ID = 
n. address = k. and advances to step 6016 to look for the next 
disk drive unit 41 (step 6008). 

If a response is received from the disk pool 4, the 
processor 51 acquires disk capacity and other information 
from the disk drive unit 41 at address k on path ID n (step 
6010) . Next, the processor 51 sends a read command to the disk 
drive unit 41 from which the capacity data was acquired in 
step 6010. This read command is a command to read from a 
specific area of the disk drive unit 41. Information about 
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the controller using that disk drive unit 41 (referred to 
below as the controller information) is stored to this 
specific area. The controller information could be the 
controller number assigned to a particular controller in the 
system, a controller identification number assigned to the 
controller at the time of manufacture, the controller type, 
or other information. In response to the read command the 

M processor 51 is thus able to acquire information identifying 

Q 

□ the controller using that disk drive unit 41-. If controller 

Q 

■P information is not recorded to this specific area, the 

M= 

W processor 51 knows that the disk drive unit 41 is not used 

j\ (step 6012). 

O After acquiring the capacity and controller information 

y 

0 for the disk drive unit (or information identifying the disk 

drive unit as not used if that is the case), the processor 
51 registers this Information in the disk pool management 
table 522 together with the path ID and address (step 6014). 

At step 6016 the processor 51 increments address 
variable k by 1 to the next address, and then detects. if k 
is greater than the highest address on the path. If k is within 
the address range of the path, the processor 51 loops back 
to step 6006 and looks for another disk drive unit 41 on the 
same path (step 6018). 

When k is greater than the highest address value on the 
path and the processor 51 has checked for a disk drive unit 



Q 

Mi 
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41 at every address on the path, the processor 51 increments 
the path ID variable n by 1 to search the next path (step 6020) . 
It then detects whether n is greater than the highest path 
ID. If path ID n is within the path ID range, processor 51 
loops back to step 6004 and starts looking for disk drive units 
41 on the path at the next path ID (step 6022). 

If n is greater than the highest path ID in step 6022, 
all paths have been searched and the processor 51 ends the 
initialization process. 

As described above, the path ID n and address k values 
are numbers in a particular range that are increased 
sequentially from 0 to search all addresses on all paths in 
this embodiment of the invention. However, another search 
method can be used if all addresses where a disk drive unit 
41 might be located can be searched without searching too much 
or too little. 

Fig. 8 shows the conceptual structure of the disk pool 
management table 522. 

For each disk drive unit detected in the initialization 
process, the disk pool management table 522 stores the path 
ID 5201, address 5202, disk capacity 5203, assigned 
controller identity number 5204, and disk drive unit status 
5205. 

The assigned controller identity number 5204 is the 
identification number of the controller to which the disk 
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drive unit 41 identified at path ID 5201 and address 5202 is 
allocated. If the disk drive unit 41 has not been allocated 
and is in an unused status, the assigned controller identity 
number 5204 is blank or set to a value indicating its unused 
status. 

Fig- 9 is a flow chart of the controller recognition 
process run by the controller recognition/certification 
program 523. The controller recognition process follows the 
disk pool configuration recognition process. The controller 
recognition process is also run when a new controller is 
added. An address for controller management is preassigned 
to each controller. A MAC address or IP address can be used 
for this address when the management network is a typical LAN. 

When the processor 51 starts running the controller 
recognition/certification program 523, it first waits an 
appropriate time for all controllers to enter the ready state 
(step 6100) . After waiting an appropriate time, the processor 
51 specifies an address and sends an inquiry to the controller 
via the management network 7 (step 6102). 

The processor 51 then detects a response to the inquiry 
(step 6104). If a response is received from the controller, 
the processor 51 acquires the controller number, controller 
type, and status information for the controller. This 
controller type information identifies whether the 
controller is a disk array controller 20 or file server 30. 
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Status information indicates whether the controller status 
is normal or whether a problem or error occurred (step 6106) . 
The processor 51 then registers the acquired information in 
the controller management table 524 (step 6108). 

Finally, the processor 51 determines if all controllers 
have been searched. This can be accomplished by, for example, 
determining whether the above process has been run for every 
address in a predetermined address range. If controller 
searching is not finished, the process repeats from step 6102 
to look for the next controller. When all controllers have 
been checked, the processor 51 ends the controller 
recognition process (step 6110). 

If a response is not received from the controller in step 
6104, the processor 51 determines that a controller does not 
exist at the polled address, skips steps 6106 and 6108, and 
proceeds from step 6110. 

It should be noted that the controller address can be 
assigned automatically by loading a controller to a slot in 
the rack 15. Each controller number must also be unique within 
the system. More specifically, the controller numbers are 
preferably a number, such as the manufacturer serial number, 
uniquely assigned to each controller. 

Fig. 10 shows the conceptual structure of the controller 
management table 524. 

The controller management table 52 4 stores the detected 
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address 5241 of the controller on the management network 7, 
and the assigned controller identity number 5242, controller 
type 5243, and status 5244 information acquired in step 6106. 

When the storage 1 power is turned on, each controller 
(disk array controllers 20 and file servers 30) starts the 
respective control program (disk array control program 2020 
and file server control program 3020) and auto-initializes. 

After initialization is completed, each controller runs 
the disk information acquiring program 2021, 3021 to acquire 
information about the disk drive units usable by each 
controller. Fig. 11 is a general flow chart for this disk 
recognition process. Note that controller operations are 
shown on the left and disk pool management unit operations 
are shown on the right in Fig. 11. The process run by a disk 
array controller 20 is described next below, but it will be 
obvious that the file servers 30 run the same process. 

The processor 201 first acquires the identification 
number of the controller in which it is used (step 6200) • Using 
this identification number, the processor 201 sends a 
certification inquiry to the disk pool management unit 5 over 
the management network 7 (step 6202). After sending the 
inquiry, the processor 201 pauses the process until 
certification by the disk pool management unit 5 is completed 
(step 6204) . 

The processor 51 of the disk pool management unit 5 that 
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received the inquiry starts the controller 
recognition/certification program 523 and runs the 
recognition process. During the recognition process the 
processor 51 confirms whether information for the disk array 
controller 20 from which the inquiry was received is 
registered in the controller management table 524 and 
certifies the controller (step 6251). If the processor 51 is 

M» already running the recognition process for other 

Q 

O controllers, processing the inquiry is delayed until 

processing all of the other controllers is completed. If it 
is confirmed that information for the inquiring disk array 
controller 2 0 is registered in the controller management 
table 524 , the processor 51 returns information indicating 
n that certification was successful to the inquiring disk array 

controller 20 (step 6253). 

In order to identify the disk drive units 41 that can 
be used by the controller, the processor 201 of the disk array 
controller 20 that received the information indicating that 
certification was successful sends a usable disk inquiry 
including the controller identification number to the disk 
pool management unit 5. This inquiry is sent through the 
management network 7 (step 6206). The processor 201 then 
pauses the process until a reply to the usable disk inquiry 
is received (step 6208). 

The processor 51 receiving this inquiry then runs the 
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disk pool management program 521 to process the inquiry. More 
specifically, the processor 51 searches the disk pool 
management table 522 using the identification number in the 
inquiry as the search key to identify the disk drive units 
41 that can be used by the inquiring controller. The processor 
51 then creates a list containing the path ID, address, disk 
capacity, and status information for the specified disk drive 
unit 41 (step 6255) , and sends the list to the controller that 
sent the inquiry (step 6257). 

The processor 201 thus receives the requested usable 
disk information from the disk pool management unit 5 in a 
list format (step 6210). Based on the information in the 
received list, the processor 201 registers information about 
the usable disk drive units 41 in the disk information 
management table 2022, and then ends the process (step 6212) . 

Having acquired the usable disk information, the disk 
array controller 20 or file server 30 recognizes all disk 
drive units 41 registered in the disk information management 
table 2022, 3022 as disk drive units that can be used by the 
respective controller, and thus uses those disk drive units 
41. Each controller is therefore able to exclusively use 
selected disk drive units 41 in a single disk pool 4. 

It should be noted that the disk pool configuration 
recognition process of the disk pool management unit and the 
initialization processes of the controllers can run 
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simultaneously in parallel. On the other hand, the timing of 
the controller recognition process run by the disk pool 
management unit after these processes and the disk 
information acquiring processes of the controllers must be 
matched. In other words, the disk pool management unit and 
the controllers must time the operation of their respective 
processes so that the disk information acquiring processes 
of the controllers run after the controller recognition 



Q 

Q process of the disk pool management unit. 

N 5 Fig. 12 is a schematic diagram of the allocation of disk 

W 

^ drive units 41 in the disk pool 4 to the controllers. Fig. 

s 

^ 13 shows the allocations shown in Fig. 12 logically arranged 

□ 

by controller. Forty disk drive units 41 are allocated for 

essm 

hj exclusive use by the controllers in this example. 

Referring to Fig. 12 , the "Array #" in each symbol 
representing a disk drive unit 41 indicates that the disk 
drive, unit 41 is assigned to the #-th disk array controller 
20. Likewise, "FSVR#" indicates that the disk drive unit 41 
is assigned to the #-th file server 30. 

In Fig. 13, the value "n-k" in each symbol representing 
a disk drive unit 41 indicates that the disk drive unit is 
the disk drive unit at address k on path ID n. 

When a new disk drive unit 41 is allocated to a 
controller, the user funs the storage management program 525 
on the disk pool management unit 5 using the storage 
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management console 12. The storage management program 525 
displays a logical configuration of the disk pool 4 such as 
shown in Fig. 13, for example, on the display of the storage 
management console 12. 

Using a mouse, the user then drags the icon of a disk 
drive unit in an area on the screen shown as being unused to 
the area of the controller to which the disk drive unit 41 
is to be added. 

The disk pool management unit 5 receiving the disk drive 
unit 41 allocation information as a result of the user's 
manipulation of the storage management console 12 then runs 
the disk pool management program 521 as follows. 

That is , the disk pool management unit 5 writes the 
identification number of the controller corresponding to the 
area to which the icon was moved to a specified memory area 
of the disk drive unit 41 corresponding to the icon that was 
moved on the display of the storage management console 12. 
The disk pool management unit 5 then Issues an inquiry command 
to the disk drive unit 41, and registers the information 
received in response to the disk pool management table 522. 
The disk pool management unit 5 notifies the controller via 
the management network 7 that the disk drive unit 41 is 
additionally available to the controller. 

When this notice that the disk drive unit 41 is 
additionally available is received from the disk pool 
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management unit 5, the controller runs the disk information 
acquiring process described above to identify the disk drive 
unit 41 so that the controller can use the disk drive unit 
41 . 

It will be apparent that with a storage system comprised 
as described above a plurality of disk array controllers and 
a plurality of file servers can coexist in a single storage 
system, and a storage system combining both a SAN and NAS 
system can be provided. The storage system can be managed from 
a central management console, thereby making management 
easier and reducing management cost. 

When both a SAN and NAS system is used it is often easier 
to think of a set of numerous small capacity storage devices 
than a single large capacity storage device logically 
grouping storage devices connected via a SAN. For example, 
when a single file server is used for each department of a 
company, it may be desirable to allocate an independent disk 
array to each server computer. There are also situations where 
it may be desirable to exclusively allocate a storage system 
to a particular user or computer, such as when providing a 
hosting service or rental server system in an Internet data 
center (IDC), or a storage service provider (SSP) providing 
a service for renting disk capacity. Such needs can be met 
using the embodiment described below for logically segmenting 
a single storage system and exclusively allocating segments 
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to a particular user. 

Fig. 14 is a schematic illustration of a logical 
segmentation of a disk pool 4. 

Shown in Fig. 14 are virtual disk arrays 160 to 163 and 
virtual file servers 170 to 172. Each virtual disk array is 
a logical disk array segment of the disk pool 4 controlled 
by a disk array controller 20. Each virtual file server is 
a logical disk array segment of the disk pool 4 controlled 
by a file server 30. 

The disk pool management unit 5 handles allocation and 
exclusive management of the disk drive units 41. However, once 
a disk drive unit 41 is allocated to a controller, the 
controller can occupy the allocated disk drive unit 41 in the 
same way as a conventional disk array or file server. 

It will be known from the preceding description that the 
present invention provides a storage system in which disk 
arrays with a SAN, that is, block I/O interface, and file 
servers with a NAS system, that is, file I/O interface, 
coexist. 

Excess overhead is not created when the file servers are 
used and high speed file access can therefore be achieved 
because the disks connect directly to the file servers. In 
addition, because the file servers directly control the 
disks, file allocation can be optimized to enable even faster 
file access. 
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It is also possible with the above described embodiment 
to easily add as many disk array controllers, file servers, 
and disk drive units as needed when needed. It is therefore 
possible to expand as necessary those parts that are needed, 
thus providing a low cost storage system providing excellent 
scalability and freedom in configuring the system. 

Furthermore, easy use is provided while also reducing 
H management costs because the disk drive units that are used 
□ can be exclusively controlled while sharing a single disk pool 

i through SAN and NAS system interfaces . enabling centralized 

W management of a distributed system. 
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Yet further . because the plural SAN and NAS systems can 
be virtually presented as though they are discrete, a central 

Q manaqed distributed environment of independent users and 

□ 

computers can be achieved. 

It will be further noted that a disk pool management unit 
is disposed to the storage system of this embodiment to 
allocate the disk drive units that can be used by each 
controller with exclusive use managed by the disk pool 
management unit. This central management configuration can 
also be modified to distribute disk pool management to each 
controller . 

When disk pool management is thus distributed, the 
identification number of the controller that can use each disk 
drive unit is stored to a specific area of the disk drive unit 
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as in the above preferred embodiment. When distributed 
management is used all controllers search the specific area 
of all disk drive units instead of the disk pool management 
unit first reading this information before allocating a disk 
drive unit to a controller. When a controller detects its own 
identification number, it recognizes that disk drive unit as 
one can that it can use. 

When a new disk drive unit is installed, the user can 
store the identification information using the storage 
management program provided for each controller. 

The above described configuration makes a disk pool 
management unit unnecessary, and thus enables further 
downsizing and cost reduction. 
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